MILESTONES IN BIOLOGICAL RESEARCH
gives a proton NMR signal of three lines because, although the three protons of ammonia are equivalent, they reside on nitrogens with one of three different nuclear moments. However, traces of water, in liquid ammonia, lead to reaction [1] ; by which NH3 (liquid) + H20 NH4 + OW protons lose track of the nitrogen nucleus with which they interact and thus give a spectrum of just one line (one of Ogg's results is illustrated in Fig. 1 of NMR spectra of organic compounds began to appear (6) , and by the early 1960s, structure proofs of natural products as complex as taxinine (7) The FASEB Journal 1449 A new age in NMR studies of macromolecular structure was inaugurated with the reports on NMR studies of proteins obtained from algae grown in deuterated water (21120), supplemented with a selected, protonated amino acid (20, 21) . Examining a protein one amino acid at a time was one approach to solving the resolution problem in NMR of macromolecules.
Paramagnetic shifts of resonances from selected nuclei in metalloproteins afforded another possibility (22) . But the goal of resolving the proton resonances of an isotopically unsubstituted protein could only be achieved with the Fourier transform revolution (23 (29, 30) .
EMR of unpaired electrons occurring naturally in biological systems was under active study by the early 1950s. In a well-formed methemoglobin crystal, the orientation of the heme normal can be determined by EMR to an accuracy of about 1.50 by examining spectra of frozen crystals as a function of orientation.
Thus, it was possible to determine the relative orientation of two pairs of heme groups in the methemoglobin tetramer (31, 32) . EMR also revealed, in 1956, the presence of free radicals in photoreaction centers (33) . Barry Commoner and colleagues began their paper on light-induced paramagnetism in chloroplasts:
"oxidation-reduction processes, which play a pervasive role in the chemistry of living cells,necessarilyinvolve the transferof electrons. It has been proposed by Michaelis and others that biochemical electron transfers occur singly rather than in pairs" (33) . Searching for evidence of single electron transfers, they found it when they observed an EMR signal from chioroplastsin the presence of lightand measured decay of the signal in the dark. Theories developed in early studies of organic free radicals (34, 35) Tyrosine radicals also play a role in biological oxidation-reduction reactions and were first characterized in the enzyme, ribonucleotide reductase (38) . High sensitivity also renders EMR useful as a probe technique. The use of extrinsic free radical probes, spin labels (39) (40) (41) , in the laboratory of Harden McConnell at Stanford followed soon after the first report of synthesis of stable, aliphatic nitroxides by groups in Russia headed by 0. L. Lehedev and L. B. Volardsky (42, 43) . From the beginnings of magnetic resonance touched on here, many modern innovations have arisen. NMR of solids and magnetic resonance imaging (MRI) deserve their own historical accounts. The former has required "taming" nuclear dipole-dipole interactions (44) over more than 25 years, whereas the latter rocketed from concept (45) to applications with living organisms almost immediately (46) . A number of the new ideas in magnetic resonance have emerged from discussions at international Figure   2 . Examples are given of NMR spectra of staphylococcal nudease from 1968 (upper, panels A, B) and from 1996 (lower) ( 
